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(54) Optical disc recording apparatus, computer-readable recording medium recording a file 
management program, and optical disc 



(57) An optical disc recording apparatus for record- 
ing a video object onto an optical disc. A recording area 
of the optical disc is divided into a plurality of zones 
which each include a plurality of adjacent tracks. The 
optical disc recording apparatus includes: a reading unit 
for reading from the optical disc the sector information 
showing data assignment for sectors on the optical disc; 
a recording unit for recording the video object onto the 
optical disc; and a control unit for controlling the reading 
unit and the recording unit. The control unit detects at 



least one series of consecutive unassigned sectors on 
the optical disc by referring to the read sector informa- 
tion. Each series has a total size greater than a minimum 
size and is located within a single zone. The minimum 
size corresponds to a data amount that ensures unin- 
terrupted reproduction of the video object. The control 
unit also controls the recording unit to record the video 
object into the detected series. 
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Description 

BACKGROUND OF THE INVENTION 

(1) Field of the Invention 

[0001] This invention relates to an optical disc recording apparatus, a computer-readable recording medium record- 
ing a file management program, and an optical disc. 

(2) Description of the Prior Art 

[0002] Recently, recording mediums such as magneto optical discs (MO) have been widely used for recording data 
to be read by computers. Currently, practical uses of DVD (Digital Versatile Disc)-RAM discs are waited for due to 
general expectation that DVD-RAMs will become a main recording medium of the next generation 
J T 3J . '"conventional M °s, «ke HD (Hard Disc) or FD (Flexible Disc), the minimum unit in accessing data on discs 
is sector 1 having several kilobytes. Each file is recorded in one or more sectors 

[0004] Reading and writing of files from/onto discs are executed by computers as functions of a file system which is 
a part of operating systems (OS). A file system is defined, for example, in ISO/IEC13346 

?? h °!L Accordin 9 10 a co ™enti°nal technique, for example, when recording a file of 200KB onto a recording medium 
with 2KB-sectors. computers mustfind 1 00 unassigned sectors on the recording medium. The 1 00 unassigned sectors 
need not be physically consecutive. For example, when four separate groups respectively having 30, 30, 30 and 10 
unassigned sectors are found on the recording medium, the file is divided into the four groups of sectore. Each part of 
™Ll e recorded ln eacn 9 rou P ot sectors, namely each group of consecutive sectors, is called "extent" 
[0006] In such a conventional technique, files can be divided and recorded into a plurality of extents. This provides 
a merit that all the sectors on a recording medium can be used efficiently even after recording and deleting of files on 
the medium are repeated a number of times. 9 
[0007] However, conventional recording mediums and file systems have a problem that uninterrupted reproduction 

n a n U *t dec data (hereinafter referred to as AV data) recorded on the recording mediums cannot be ensured 
[0008] More specifically, when recording and deleting of files on a recording medium are repeated several times, the 
AV data may not be recorded in consecutive sectors. The AV data may be divided and recorded into a plurality of 
exten s as described above. When this happens, the reproduction apparatus cannot achieve uninterrupted reproduc- 

TrZL , ^ ! 3 t0 3 SSek °P eration of an optical pickup that occurs as the optical pickup moves between the 
plurality ot extents. 

[0009] For example, when a seek occurs between a sector at the innermost periphery and a sector at the outermost 
periphery of a disc, the seek time amounts to several-hundred milliseconds. In case of moving images, such a seek 
of severa -hundred milliseconds interrupts reproduction since reproducing 30 frames per second is required for repro- 
duction of moving images. K 

[0010] As described above, uninterrupted reproduction may not be ensured by conventional file systems. This is 
especially a serious problem for mass storages such as DVD-RAM on which, like VTR, a plurality of pieces of AV data 
(e.g., TV programs) can be recorded, edited, and deleted. 

[0011] Here, it should be reminded that recording mediums can also record computer data, as well as AV data 
Accord.ngly, particular attention should be paid on how to efficiently store both types of data on a disc. 

SUMMARY OF THE INVENTION 

HZHSL " iS the . refore an ob J' ect of the P resen t invention to provide an optical disc recording apparatus, a computer- 
Sod^ Z reC ° r ? n9 3 fHe mana 9 ement P"*"*". and an optica, disc which ensure unintended 
reproduction of AV data and record various types of data including AV data together and efficiently 
[001 3] The above object is achieved by an optical disc recording apparatus for recording a video object on an optical 
disc, where a recording area of the optical disc is divided into a plurality of zones which each include a plurality of 
adjacent tracks, and .ncludes sector information showing data assignment for sectors on the optical disc, the optical 
disc recording apparatus including: a reading unit for reading the sector information from the optical disc; a recording 

r^n I' 600 * ? * 0bj6Ct ° nt ° the ° PtiCa ' diSC; and 3 COntrol unit for controlling the reading unit and the 
recording unit, where the control unit: detects at least one series of consecutive unassigned sectors on the optical disc 

K. If T n .V° ? ad S6Ct0r information - each series naving a total size greater than a minimum size and being 
located within a single zone, the minimum size corresponding to a data amount that ensures uninterrupted reproduction 
'''" ldeo o^; an d controls the recording unit to record the video object into the detected series 
[001 4] With the above construction, the video object is recorded in a series of consecutive unassigned sectors with 
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the total size greater than a prfBetermined size, the series without including a zone boundary. This is achieved by 
searching of such a series of consecutive unassigned sectors prior to the recording of the video object onto the optical 
disc. The predetermined size is set so that the uninterrupted reproduction is ensured in any types of reproduction 
apparatuses. As a result, the video object recorded by the present optical disc recording apparatus is reproduced by 
5 any types of reproduction apparatuses without gaps in the reproduced video and audio images (without missing frames). 
Also, the record area is divided into a plurality of zone areas to realize rotation control called Z-CLV (Zone-Constant 
Linear Velocity) during recording and reproduction. By doing so, a qualified recording efficience is achieved without 
sacrificing the recording density of the outermost periphery of the optical disc. Also, the uninterrupted reproduction is 
ensured since the video object does not outstep the zone boundary. 
10 [0015] In the above optical disc recording apparatus, the recording area of the optical disc may be divided into a 
plurality of 2KB sectors, with each set of 1 6 consecutive sectors forming one ECC block, the video object is composed 
of a plurality of packs, each pack having a size of 2KB, the minimum size is the number of ECC blocks which is 
represented as "N_ecc M in the following formula: N_ecc=Vo*Tj/((1 6*8*2048) *(1-VoWr)), where "Tj" represents a max- 
imum jump time of an optical pickup of a reproduction apparatus, "Vr" represents an input transfer rate (Mbps) of a 
15 track buffer of the reproduction apparatus, and "Vo" represents an effective output transfer rate (Mbps) of the track 
buffer. 

[0016] With the above construction, the predetermined size for ensuring the uninterrupted reproduction can be ob- 
tained in case defective sectors are not included in the series of consecutive unassigned sectors. 
[0017] In the above optical disc recording apparatus, the recording area of the optical disc is divided into a plurality 

20 of 2KB sectors, with each set of 16 consecutive sectors forming one ECC block, the video object is composed of a 
plurality of packs, each pack having a size of 2KB, the minimum size is the number of ECC blocks which is represented 
as n N_ecc" in the following formula: N_ecc=dN_ecc + Vo*Tj/((1 6*8*2048)*(1 -VoA/r)), where dN_ecc is a number of 
ECC blocks, in a series of consecutive unassigned sectors, that include defective sectors, "Tj" represents a maximum 
jump time of an optical pickup of an reproduction apparatus, "Vr" represents an input transfer rate (Mbps) of a track 

25 buffer of the reproduction apparatus, and "Vo" represents an effective output transfer rate (Mbps) of the track buffer. 
[0018] With the above construction, the predetermined size for ensuring the uninterrupted reproduction can be ob- 
tained in case defective sectors are included in the series of consecutive unassigned sectors. 
[0019] In the above optical disc recording apparatus, the effective transfer rate Vo may be found according to the 
following formula: 



where N_pack is the total number of packs included in the video object that should be recorded in N_ecc ECC 
35 blocks, SCR_first_current is a time (in 1/(27mega) seconds) at which the track buffer of the reproduction apparatus 
should output the first pack of the video object, and SCR_first_next is a time (in i/(27mega) seconds) at which the 
track buffer of the reproduction apparatus should output the first pack of the following video object. 
[0020] With the above construction, it is possible to obtain, based on the effective output transfer rate, the predeter- 
mined size for video objects with a variable bit rate. This achieves, for example, an efficient use of optical disc having 
40 a small amount of unassigned areas. 

[0021] In the above optical disc recording apparatus, the control unit may generate management information showing 
areas of the optical disc where the video object has been recorded by the recording unit and controls the recording 
unit to record the generated management information onto the optical disc, and when the reading unit reads out man- 
agement information from the optica! disc, the control unit refers to the read management information as well as the 
45 sector information to detect the series. 

[0022] With the above construction in which the management information is recorded on the optical disc, it is possible 
to detect unassigned areas at high speed and without difficulty. 

[0023] The above object is also achieved by a computer-readable recording medium p restoring a file management 
program for recording a video object onto an optical disc, the file management program being to be run by a computer 

so which includes: a reading unit for reading data from an optical disc; and a recording unit for recording data onto the 
optical disc, where a recording area of the optical disc is divided into a plurality of zones which each include a plurality 
of adjacent tracks, and includes sector information showing data assignment for sectors on the optical disc, the file 
management program including the following steps to be executed by the computer: a reading step for reading the 
sector information from the optical disc; a detecting step for detecting at least one series of consecutive unassigned 

55 sectors on the optical disc by referring to the read sector information, each series having a total size greater than a 
minimum size and being located within a single zone, the minimum size corresponding to a data amount that ensures 
uninterrupted reproduction of the video object; and a recording step for recording the video object into the detected 
series. 



30 



Vo=(N_j5ack*2048*8)*(27M/(SCR_first_next-SCRJirst_current) 
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[0024] With the above construction in which the computer runs the file management jRam, it is possible to record 
the video object into the series of consecutive unassigned sectors which is larger than a predetermined size This 
ensures the uninterrupted reproduction of the video object. 

[0025] The above object is also achieved by a computer-readable optical disc including a data recording area, where 
the data recording area is divided into a plurality of zones which each include a plurality of adjacent tracks and the 
data recording area includes: sector information showing data assignment for sectors on the optical disc- and man- 

a^te zone"" 31 ' 0 " * ^ ^ * Vid6 ° ° bjeCt haS bee " recorded and are located withi n 

[0026] The above object is also achieved by a computer-readable optical disc including a data recording area, where 
he data recording area is divided into a plurality of blocks which each include a plurality of consecutive sectors and 
the data recording area includes: an area for recording sector information showing data assignment for sectors on the 
optical d.sc; and a management area for recording block information showing data assignment for blocks on the optical 

[0027] With the above construction, it is possible to record data in units of sectors or blocks. Each block includes a 
p urahty of consecutive sectors. Accordingly, even if one file is divided and recorded into a plurality of extents, the size 
of the extent is larger than the size of the block at the minimum. As a result, it is possible to ensure the uninterrupted 
reproduction of the video data recorded on the present optical disc by preventing interruptions which are cased by 
occurrences of seek operations in the reproduction apparatus. Furthermore, data management in units of sectors and 
blocks are performed together depending on the types of data. This achieves efficient use of the recording area of the 
optical disc. 

[0028] In the above computer-readable optical disc, when the block information shows that blocks have been as- 
signed to date that is mainly composed of video data, the sector infomiation may show that all sectors in the assigned 
blocks have been assigned. 

[0029] With the above construction, even if data is recorded by a conventional file system which uses a file manage- 
ment system managing data in units of sectors, the blocks assigned to video data are not overwritten by another data 
Such a computer-readable optical disc is suitable for uninterrupted reproduction 

[0030] In the above computer-readable optical disc, a block size represented as "L" may satisfy the following formula- 



L > T*Vin*Vout/(Vin-Vout), 



where "L» (bits) represents the block size, T" (seconds) represents a seek time of a reproduction apparatus "Vin" 
represents an input transfer rate (Mbps) of a buffer of the reproduction apparatus, and "Vouf represents an effective 
output transfer rate (Mbps) of the buffer. 

[0031] In the above computer-readable optical disc, when the block information shows that blocks have been as- 
signed to data that is not video data, the sector information may show that among sectors in the assigned blocks only 
sectors recording the data have been assigned. ' y 

[0032] With the above construction, it is possible to record data other than video data (non-video) into unassigned 
sectors ,n blocks which have been assigned to non-video data. With this arrangement, even if video data and other 
types of data are recorded in mixture, the uninterrupted reproduction is ensured, and both of video and other types of 
data are stored efficiently. Jr 

[0033] In the above computer-readable optical disc, the data recording area may be divided into a plurality of zones 
of zoneT ' 3 °' adjaC6nt tra ° kS ' SaCh ° f thS P ' Urality ° f b ' 0CkS iS inC ' Uded in any one of the P |uralit y 

[0034] With the above construction, the record area is divided into a plurality of zone areas to realize Z-CLV By doinq 
so a qualified recording efficiency is achieved without sacrificing the recording density of the outermost periphery of 
the optical disc. Also, the uninterrupted reproduction is ensured since the video object does not outstep the zone 
Doundary. r 

[0035] In the above computer-readable optical disc, blocks in each zone may have the same size except a block 
hat Is adjacent to a zone boundary, and the block that is adjacent to the zone boundary has a size being equal to or 
larger than the size of the other blocks. a M 

[0036] With the above construction, it is possible to use the data recording area efficiently since one block in each 
zone has a size larger than the common size of the other blocks. 

[0037] In the above computer-readable optical disc, the block that is adjacent to the zone boundary may include a 
f^h t*T 9 hT X .T m f Ct ° r addrSSS ,he ° Urrent Z ° ne ' and ,he mana 9 e ™n< area includes a maximum block 
address in ! a zone * ^ °' bl °° kS e8Ch in ° IUde thS SeCt ° r having the maximum se <*>r 

[0038] With the above construction, it is possible to manage variable-length blocks around the zone boundary without 
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difficulty. 



[0039] In the above computer-readable optical disc, an error correction code may be attached to every predetermined 
number of consecutive sectors, and each block may be composed of an integral multiple of the predetermined number 
of consecutive sectors. 

5 [0040] With the above construction, it is possible for the recording/ reproducing apparatus to record and reproduce 
continuously without generating overhead since each block is composed of an integral multiple of the predetermined 
number of consecutive sectors. 

[0041] The above object is also achieved by an optical disc recording apparatus for recording data onto an optical 
disc which includes: a data recording area divided into a plurality of sectors; and a management area for recording 

w sector information showing data assignment for sectors on the optical disc and block information showing data assign- 
ment for blocks on the optical disc, the optical disc recording apparatus including: a reading unit for reading the block 
information and the sector information from the optical disc; a judging unit forjudging a type of the data to record or 
delete the data, the type being classified into a first type and a second type; a first specifying unit for, when the judging 
unit judges that the data is the first type, specifying, based on the read block information, either of: unassigned blocks 

15 jn which the data is to be recorded: and blocks in which the data has already been recorded; a second specifying unit 
for, when the judging unit judges that the data is the second type, specifying, based on the read sector information, 
either of: unassigned sectors in which the data is to be recorded; and sectors in which the data has been recorded; a 
data updating unit for either of recording and deleting first-type data into/from the blocks specified by the first specifying 
unit and for either of recording and deleting second-type data into/from the sectors specified by the second specifying 

20 unit; and an assignment updating unit for updating at least one of the sector information and the block information in 
accordance with operations of the data updating unit. 

[0042] With the above construction, it is possible to record data in units of sectors or blocks. Each block includes a 
plurality of consecutive sectors. Accordingly, even if one file is divided and recorded into a plurality of extents, the size 
of the extent is larger than the size of the block at the minimum. As a result, it is possible to ensure the uninterrupted 
25 reproduction of the video data recorded on the present optical disc by preventing interruptions which are cased by 
occurrences of seek operations in the reproduction apparatus. Furthermore, data management in units of sectors and 
blocks are performed together depending on the types of data. This achieves efficient. use of the recording area of the 
optical disc. 

[0043] In the above optical disc recording apparatus, the assignment updating unit may include: a block information 
30 updating unit for, when the first specifying unit specifies unassigned blocks, updating the block information by changing 
indication of the specified blocks from "unassigned" to "assigned"; and a sector information updating unit for, when the 
block information updating unit updates the block information by changing indication of the specified blocks from "un- 
assigned" to "assigned," updating the sector information by changing indication of all sectors included in the specified 
blocks from "unassigned" to "assigned." 
35 [0044] With the above construction, even if data is recorded by a conventional file system which uses a file manage- 
ment system managing data in units of sectors, the blocks assigned to video data are not overwritten by another data. 
Such a computer-readable optical disc is suitable for uninterrupted reproduction. 

[0045] In the above optical disc recording apparatus, the block information updating unit, when the first specifying 
unit specifies blocks which are assigned to a piece of first-type data to be deleted, updates the block information by 
40 changing indication of the specified blocks from "assigned" to "unassigned," and the sector information updating unit, 
when the block information updating unit updates the block information by changing indication of the specified blocks 
from "assigned" to "unassigned," updates the sector information by changing indication of all sectors included in the 
specified blocks from "assigned" to "unassigned." 

[0046] With the above construction, it is possible to use the data recording area efficiently by recording the first-type 
^5 data and the second-type data in mixture since all the sectors in a block are released when the first-type data is deleted. 
[0047] In the above optical disc recording apparatus, the block information may show whether each block is: (1) 
unassigned data; (2) assigned first-type data which is mainly composed of video data; or (3) assigned second-type 
data which is mainly composed of data other than the first-type data, where the assignment updating unit includes: a 
first updating unit for updating the block information; and a second updating unit for updating the sector information, 
so where the first updating unit, when the second updating unit updates the sector information by changing indication of 
any sectors included in unassigned blocks to "assigned," updates the block information by changing indication of the 
unassigned blocks from "unassigned" to "second-type data assigned," and the second updating unit, when the first 
updating unit updates the block information by changing indication of blocks from "unassigned" to "first-type data as- 
signed," updates the sector information by changing indication of all sectors included in the blocks to "assigned." 
55 [0048] With the above construction, it is possible to manage the data recording area without difficulty by recording 
the first-type data and the second-type data in mixture. 

[0049] The above object is also achieved by a computer-readable recording medium prestoring a file management 
program for recording data onto an optical disc which includes: a data recording area divided into a plurality of sectors; 
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BRIEF DESCRIPTION OF THE DRAWINGS 

reC ° rdin9 - ° f ^ DV °- RAM dfec whi <* * »» °Ptica. disc of the present 

FIG 3A h ,hnw th th ° r ? S T ° ti0n SUrf3Ce ° f 3 DVD " RAM cut at the h ^der of a sector 

FIG 3B shows I? P ° f Z ° ne 9reaS °' 23 3nd 0th6r areaS P r0Vided °" * DVD-RAM; 

FIG.3B shows a horizontal arrangement of the zone areas 0-23 and other areas; 
F IG.3C shows logical sector numbers (LSNs) in the volume area- 
F G.3D shows logical block numbers (LBNs) in the volume area- ' 

F G 5 ttZt 3 re ' ati0n betWee " 20ne areas ' ECC bi °<* s . and sectors; 

FIG.5 shows a last-block-length table; 

nr 7 X° WS t S6 «f L mana 9 ement lable a "d an AV block management table 

FIG. 11 A shows a detailed data structure of file entry; 
FIG. 11 B shows the data structure of the allocation descriptor 

FIG 12A Sow 8 Th'?^ 0 " ° f UPPer *" bitS ° f 6Xtent of al,oca «°n descriptor; 
F G 12B show? ; a "'?f StmCtUre ° f the ,i,e id entification descriptors for directory; 
F r h ! d d3ta StrUCtUre ° f ,hS fi,e ident '«cation descriptors for file- 

dTc by TZ^~ 9 " ^ ^ * - "* ^ data being read from the DVD-RAM 

eTbodimenr C ° nStrUCti ° n " * M9 *" diS ° apparatus of the 

FIG 15 is a block diagram showing the hardware structure of the DVD recorder 10- 
HQ 1 6 is a block diagram showing the construction of the MPEG encoder 2- 
FIG 1 7 is a block diagram showing the construction of the MPEG decoder 4-' 

c^onente; nCti ° n ^ Sh ° W '' n9 C ° nS,mCti ° n ° f thS ° VD 1 0 ba ^ on the functions of the 
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FIG. 19 shows the changesTn the AV block management table and the space bit map when AV data is recorded; 
FIG.20 shows the changes in the AV block management table and the space bit map when AV data is deleted; 
FIG.21 shows a list of commands supported by the file system unit 102 for the file management; 
FIG.22 shows an arrangement of buttons of the remote controller 6; 
5 FIG.23 shows guidance images; 

FIG.24 shows the bit rate and resolution for each of the quality types "high," "standard," and lime-ensuring; n 
FIG.25A is a flowchart showing the manual recording process performed by the AV file system unit 1 03 of the DVD 
recorder unit 1 0; 

FIG.25B is a flowchart showing the programmed recording process performed by the AV file system unit 103 of 
10 the DVD recorder unit 10; 

FIG.26 is a flowchart showing the process performed by the AV file system unit 1 03 having received the AV-WRITE 
command; 

FIG.27 is a flowchart showing the process of deleting AV files performed by the common file system unit 104; 
FIG.28A shows AV files before and after deletion; 
15 FIG.28B shows the changes in the AV block management table and the space bit map corresponding to the de- 

letion; 

FIG. 29 is a flowchart showing the process of recording non-AV files performed by the common file system unit 1 04; 
FIG. 30 is a flowchart showing the process of deleting non-AV files performed by the common file system unit 1 04; 
FIG.31 A shows non-AV files before and after deletion; 
20 FIG.31 B shows the changes in the AV block management table and the space bit map corresponding to the de- 

letion; 

FIG. 32 shows the second construction example of the AV block management table; 
FIG.33 shows the third construction example of the AV block management table; 
FIG.34 shows the fourth construction example of the AV block management table; 
25 FIG.35 shows the fifth construction example of the AV block management table; 

FIG.36A shows a specific example of the management information; 

FIG.36B shows a space bit map corresponding to the management information shown in FIG.36A; 
FIG. 37 is a function block diagram showing the construction of the DVD recorder 1 0 of Embodiment 2 based on 
the functions of the components; 
30 FIG.38 is a flowchart showing the recording process performed by the AV recorder unit; 

FIG. 39 shows a model of buffering of AV data into the track buffer in the reproduction apparatus; 
FIG. 40 is a flowchart showing the recording process in the DVD recorder of Embodiment 3; 
FIG. 41 shows a free space list; and 

FIG.42 is a flowchart detailing the procedure of assigning the pseudo consecutive record. 

35 

DESCRIPTION OF THE PREFERRED EMBODIMENTS 
[0052] The following are the table of contents of the present section. 
40 (1) Embodiment 1 
[0053] 

(1-1) Optical Disc 
45 (1 -1 -1 ) Physical Structure of Optical Disc 

(1-1-2) File System Management Information (Part 1) 

(1-1-3) File System Management Information (Part 2) 

(1 -1 -4) Minimum Size of AV Block 

(1-2-1) Entire System 
so (1-2-2) Hardware Structure of DVD Recorder 10 

(1-2-3) Function Block Diagram 

(1-2-4) Commands Executed by File system Unit 102 

(1-3) Recording/ Deleting 

(1-3-1) Manual Recording of AV Data 
55 (1-3-2) Programmed Recording of AV Data 

(1-3-3) Deleting of AV Data 

(1-3-4) Recording of Non-AV Data 

(1-3-5) Deleting of Non-AV Data 
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(2) Embodiment 2 
[0054] 

(2-1) Optical Disc 

(2-1-1) Pseudo Consecutive Record 

(2-1-2) Assignment of Pseudo Consecutive Records 

!o"l" 3 2 PSeUd ° Consecutive Record Assignment Management Information and Space Bit Mao 
(2-2) Recording/Reproducing Apparatus H 
(2-2-1) System and Hardware Structure 
(2-2-2) Function Block Diagram 
(2-3-1) Recording of AV Files 

(3) Embodiment 3 

[0055] 

(3-1) Minimum Size of Pseudo Consecutive Record 
(3-2) Recording of AV files 

(1) Embodiment 1 
(1-1) Optical Disc 

(1-1-1) Physical Structure of Optical Disc 

^tk^ll^ZS^^ T ? 8 reC ° rding ^ °' 3 ° VD - RAM diS ° Which is an °P tical disc - As ^own 
in tne tigure the DVD-RAM disc has a lead-in area at its innermost periphery and a lead-out area at its outermost 

periphery, with the data area in between. The lead-in area records the necessary *m^JZ^t£SS£ 

of a servo dunng access by an optica, pickup, and identification signals to prevent confusion with other med a The 

lead-out area records the same type of reference signals as the lead-in area 

Sed T He?e at mnL m of 3 ""I 1 ^ M ° SeCt0rS Wh,Ch arS the Sma,,est unit b * which the DVD- RAM can be 
accessed. Here, the size of each sector is set at 2KB. The data area is also divided into a plurality of AV blocks which 

ioroductL 9r ° UP t C ° nseCUtiVe S6Ct0rS - The SiZS ° f 6ach AV block is set so that »• uniSerrupL «pEE^ 

7MB ?5ZSrr; ^ " 3 ^ ° Perati ° n ° CCUrS - ,n the P resent embodiment, tne size is set to abou" 

r00591 ^Noi av J . ° SSCt0rS AV b '° CkS aS described above ' is mana 3* d as follows. 

n un«s of ZZS ^Tr than ^ " aSSi9ned 8reaS in UnitS 0f Sectorc ' " hile AV data - —fined areas 
in units of AV blocks^ IMon-AV data is managed in units of sectors; AV data is managed in units of AV blocks Non-AV 

dam is a.so recorded in sectors in AV blocks. Each AV block is managed not to include AV data and nonSv da^n 

f ° WS Cros f s f ection and surfa <* of a DVD-RAM cut at the header of a sector. As shown in the 
S an uneven £t" ' * that * ^ ,n *• SUrfaCe ° f 3 refleCtiVe film ' sucb as a ^ film! 

^L^J SET " C ° mP ° Sed * ° A ^~^ ^ that ara — d «■ the surface of the DVD-RAM to 

E,ro2I a ,L h L U Hh Ven Part i t COmp °!. ed ° f 3 COncave P art called a "Sroove- and a convex part called a "land" Each 
theZ^ tr COr T* "T C ° mP0Sed ° f 3 matal fMm Ca P able of P hase cha "g e attached to its surface Here 
SatXf nH CaPa h Z f '"f 9 Chan9e " Unft that the reC ° rding mark can be in a "A'™ state or a non-crystalHne 
state dependmg on whether the metal film has been exposed to a light beam. Using this phase change characteristic 

data can ? "° *T ^ Whi,e " * ° nly P 0ssib,e to record ^a °nto the land part of an MO dsc 

a DVD RAM r h r°H n ° f^MS T* ^ ^ PartS ° f 9 ^VD-RAM, meaning that the recording density oi 

sectors InThl nT ? ? M °, d,SC -f rror correcti °" information is provided on a DVD-RAM for each group of 16 

an ECC block embodlment . each group of 1 6 sectors that is given an ECC (Error Correcting Code) is called 

[0063] On a DVD-RAM, the data area is divided into a plurality of zone areas to realize rotation control called Z-CLV 
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(Zone-Constant Linear Velocit^fluring recording and reproduction. 
[0064] FIG.3A shows the plurality of zone areas provided on a DVD-RAM. As shown in the figure, a DVD-RAM is 
divided into 24 zone areas numbered zone 0 to zone 23. Each zone area is a group of tracks that are accessed using 
the same angular velocity. In this embodiment, each zone area contains 1888 tracks. The rotational angular velocity 
5 of the DVD-RAM is set separately for each zone area, with this velocity being higher the closer a zone area is located 
to the inner periphery of the disc. This ensures that the optical pickup can move at a constant velocity while performing 
access within a single zone area. By doing so, the recording density of DVD-RAM is raised, and rotation control is 
made easier during recording and reproduction. 

[0065] FIG.3B shows a horizontal arrangement of the lead-in area, the lead-out area, and the zone area 0-23 that 
10 were shown in FIG.3A. 

[0066] The lead-in area and lead-out area each have a DMA (Defect Management Area) inside. The DMA records: 
position information showing the positions of sectors found to include defects; and replacement position information 
showing the positions of the sectors replacing the defective sectors located in a replacement area. 
[0067] Each zone area has a user area on the inside, and the replacement area and an unused area are provided 

15 at the boundary between zone areas. The user area is an area that can be used by the file system as a recording area. 
The replacement area is used to replace defective sectors when such defective sectors are found. The unused area 
is an area that is not used for recording data. Only two tracks are assigned as the unused area, with such unused area 
being provided to prevent mistaken identification of sector addresses. This is because while sector addresses are 
recorded at a same position in adjacent tracks within the same zone, for Z-CLV the sector addresses are recorded at 

20 different positions in adjacent tracks at the zone boundary. 

[0068] In this way, sectors which are not used for data recording exist at the boundaries between zone areas. There- 
fore, on a DVD- RAM logical sector numbers (LSN: Logical Sector Number) are assigned to physical sectors of the 
user area in order starting from the inner periphery to consecutively show only the sectors used for recording data. 
[0069] As shown in FIG.3C, the area that records user data and is composed of sectors that have been assigned 

25 LSNs is called volume area. 

[0070] Also, as shown in FIG .3D, in the innermost and outermost peripheries, volume structure information is re- 
corded to be used to deal with the disc as a logical volume. The rest of the volume area except the areas for recording 
the volume structure information is called partition area. The partition area records files. The logical block numbers 
(LBN: Logical Block Number) are assigned to sectors of the partition area in order starting from the first sector. 

30 [0071] FIG.4 shows a hierarchical relation between zone areas, ECC blocks, and sectors. As shown in the drawing, 
each zone area includes 224 ECC blocks (3584 sectors). However, the number of sectors in a zone is not necessary 
be an integral multiple of 224, or the number of ECC blocks. Therefore, the size of the last AV block in a zone is set 
to larger than 224 ECC blocks so that the number of sectors in a zone becomes an integral multiple of 224. For this 
purpose, DVD-RAM discs record a table which shows the size of the last block in each zone, as a part of management 

35 information. 

[0072] FIG.5 shows a last-block-length table. The last-block- length table shows, for each zone, the length of the last 
AV block related to "last LBN." The length of the last AV block is represented by the number of ECC blocks included 
in the AV block. The "last LBN" column shows the LBN of the last sector (zone end), namely, the last sector adjacent 
to the zone boundary, to indicate the position of the zone boundary. 
40 [0073] As described above, the length of the last AV block is set to a variable-length. This prevents each AV block 
from including a zone boundary. With this arrangement, it is possible to use the recording area on the disc efficiently. 

(1-1-2) File System Management Information (Part 1) 

45 [0074] Here, the file system structure of DVD-RAM is described. The file system of the present embodiment complies 
with I SO/I EC 13346. In addition, the file system manages the AV data in units of AV blocks. 

[0075] FIG. 6 shows a sector management table and an AV block management table. The sector management table 
is recorded in the partition area of the volume area and is included in the file system management information. The 
drawing also shows a hierarchical relation between the volume area, sectors, and contents of the sectors. 

50 [0076] The first layer shows the volume area shown in FIG. 3D. 

[0077] The second layer shows sector areas which includes the sector management table and the AV block man- 
agement table. The sector areas are included in the partition area. The sector management table (also called a space 
bit map) showing the data assignment status for each sector is recorded in the sector areas with LBNs 0-79. The AV 
block management table showing the data assignment status for each AV block is recorded in the sector areas with 

55 LBNs 84 and 85. 

[0078] As shown in the third layer, the "space bit map" column shows whether each sector included in the partition 
area is assigned or not-assigned. In this example, the assignment state of each sector is indicated by one bit. For 
example, each sector for logical block numbers 0-79 is given bit "0" (indicating "assigned") since these sectors have 
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■2 sfncl thSl? ? 8 K PaCe ? "L ap - Similar,y - 6aCh SSCt0r f0r ,0 9 ical b,ock nu ^* 0 84 is given bit "0" (a* 

SSTJSSiTirESi"' e K dy b6en aSSi9ned 33 thS AV bl0Ck foment block. As understood f om 
these examples, each bit in the space bit map is written as "0" when a file or a part of a file is to be recorder I or *2 

™™~Til?V Ser ° r thS aPP ' iCati0n in the CUrrent seclor - <*herwise written as "1 ' ' 
S2?«*23! * Sh ° Wn in thS tHird la y ershows for eac h AV block in the partition area, with two bits for each AV 
SS^STSV" T I b ' OCk iS UnaSSi9ned (00) ' aSSi9ned t0 AV data < 01 >' assi 9" ed *> non-AV^ data MO) or 
0 a.i ( a 2rr eXamPte, .! he ^ b '° Ck ° 18 9iVen W,S (indicatin 9 "Signed to non-AV data") since the AV b ock 
When W blocS TrtT.l ^ " ^ *' ™ bloek mana ^- * table which are both non-AV data 

in T m k t h ° Wn 35 ass '3 ned t0 AV da «a in the AV block management table all the sectors included 

no L I" "! ST f aSSi9ned ^ the SPaCS W map - ™ S makes " P° ssibte to Prevlt Xv an2 

"Z" A y 3 a ea ° h AV bl0Ck ' and Secures AV data consecutive recording areas 

221? on thVrrh T-h" 8 ^ ^ tW6en AV bl ° Ck mana 9 ement ta bie and the space bit map. 
mfnt If a , th ti eft ; hand s,de of tne fl 9 ure - the AV b "ock management table is shown. The table includes an arranae 
1Z v l 01 -^ ° f tW °- bit d8ta Whi ° h eaCh Sh0WS the ^signment status of AV block ^te^S Te 

££" reSU,t> ^ 3 COrresp0ndi "9 > art in bit map. it Is shown that i^^j^^^S 

SSS. J t h S t h ° Uld be n0t6d hSre that the AV bl0Ck mana 9^ent table may be recorded as data for the file system as 
Is a hTaV dZfi'l." ^ reC ° rded ^ file ' ' n ^ ^ th6 AV b '° ck --n-B^^KlS 
KLi he PreSem emb0diment ' the AV b '° ck management table has a table structure. However, it may have a 

(1-1-3) File System Management Information (Part 2) 

Sentlbie ant ThTaJTT™ the SyStem mana 9 em ent information other than the sector manage- 

1« tt A ? Ck mana 9 ement tab le shown in FIG.6. The drawing shows hierarchically the volume area 
3 Job*: £22 * thS S T re - Th h e r° WS0 Sh0w the order -bich the storageVosltto oTthe^e 
roSr T? P fi ttl d th aCCOrdance Wlth tne management information shown in the drawing, 
rnn! t I V th& draWing Sn ° WS the Volume area show " i" F'G 3D 

rsr: P T 8correspondstothed ^ 

■ B ° ** ^ Sh ° WS an LBN of a sector in wh ich a file entry of the 
mow r. . 6 descr, P tor with LBN 81 ^ows the end of a file set descriptor 

E22„ of n (6 g " LBN 82 ' 584 ' ° r 3585) is recorded for each file (including directory) and shows a storaae 

Kid infdSr (6 ' 9 " ° f 585> Sh ° WS 3 St0ra9e P ° Si,i0n ° f 3 fHe ^ f ° r eaCh fi,e and each dire ^ 

Sc JbySS in ? UdeS ,hrSe fi,e entri6S and direCt0ries - The file ent -s and directories 

a In k!? I y ' and haVe 8 data structu « constructed so that a storage position of a predetermine file 

can be traced no matter how the directory structure is constructed predetermine file 
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none of these files is divided in^ra plurality of extents. In contrast, the file entry with LB^?585 includes two allocation 
descriptors, indicating that the file is composed of two extents. 

[0093] Each directory includes a file identification descriptor showing, for each file and directory included in the 
current directory, a storage position of the current file entry. As indicated by the file entries and directories shown in 
5 this figure, the storage position of the file "rootA/ideo/Moviel .VOB" is traced in the order of: file set descriptor -»® -> 
file entry (root) ->@ directory (root) ->® -» file entry (video) ->® -» directory (video) -» (5) -> file entry (Moviel ) 
-*D© -> file (extents #1 and #2 of Moviel .VOB). 

[0094] FIG. 10 shows the linkage between the file entries and directories rewritten in accordance with the directory 
structure. In the drawing, the root directory includes file identification descriptors respectively for: a parent dierectory 
10 (the parent of the root is the root itself), a VIDEO directory, file °File1 .DAT," and file "File2.DAT." Also, the VIDEO 
directory includes file identification descriptors respectively for a parent dierectory (root), file "Moviel .VOB," file 
"Movie2.VOB, n and file "Movie3.VOB." The storage position of file "Moviel .VOB" is detected by tracing in the order of 
© to®©. 

[0095] FIG. 11 A shows a detailed data structure of file entry. As shown in the drawing, the file entry includes a de- 
15 scriptor tag, ICB tag, allocation descriptor length, extension attribute, and allocation descriptor. "BP" in the drawing 
represents a bit position, and "RBP W represents a relative bit position. 

[0096] The descriptor tag is a tag that shows the current piece of information is a file entry. DVD-RAM includes a 
various types of tags such as a file entry descriptor, a space bit map descriptor, or the like. Each file entry includes a 
descriptor tag written as "261" showing that the current piece of information is a file entry. 
20 [0097] The ICB tag shows attribute information related to the current file entry. 

[0098] The extension attribute is information showing a higher-level attribute than the contents defined in the attribute 
information field in the file entry. 

[0099] The allocation descriptor field stores as many allocation descriptors as the number of extents in the file. The 
allocation descriptor shows an LBN indicating a storage position of an extent in a file or a directory. FIG. 11 B shows 
25 the data structure of the allocation descriptor. In the drawing, the allocation descriptor includes data indicating an extent 
length and includes an LBN indicating a storage position of an extent. Note that the upper two bits of the data indicating 
an extent length shows the storage status of the extent recording area, as shown in FIG. 11 C. 

[0100] FIG.12A and 1 2B respectively show a detailed data structure of the file identification descriptors for directory 
and file. These two types of the file identification descriptors have the same format: each descriptor includes: manage- 
30 ment information, identification information, directory name length, an address showing the address, represented by 
an LBN, of the file entry of a directory or a file, information for extension, and directory name. With such an arrangement, 
an address of a file entry corresponding to a directory name or a file name is identified. 

(1-1-4) Minimum Size of AV Block 

35 

[0101] Here, the size of the AV block shown in the lower part of FIG. 4 is described. 

[01 02] Each AV block except the last one in each zone is composed of 224 ECC blocks, where each ECC block has 
about 7MB. To ensure the uninterrupted reproduction of AV data, the minimum size of AV block is determined in relation 
with the buffer of the reproduction apparatus. 
40 [01 03] FIG. 1 3 shows a model of buffering of AV data into the track buffer, the AV data being read from the DVD-RAM 
disc by a reproduction apparatus. 

[0104] In the upper part of FIG.1 3, the AV data read from the DVD-RAM disc is subjected to the ECC process. The 
processed AV data is then temporarily stored in the track buffer (FIFO memory), and is sent to the decoder. In the 
drawing, "Vin" represents an input transfer rate (minimum value) of the track buffer (rate of data read from an optical 
45 disc), and "Vout" represents an output transfer rate (maximum value) of the track buffer, where Vr>Vo. In this model, 
Vin=8Mbps and Vout=1 1Mbps. 

[0105] The lower part of FIG. 13 is a graph showing the change in the data amount of the track buffer in this model. 

In the graph, the vertical axis represents the data amount of the track buffer; the horizontal axis represents time. 

[0106] The T1" represents a time required for reading out the entire AV data recorded in the pseudo consecutive 
50 record #j. In this period T1 , the data amount of the track buffer increases at the rate of (Vin -Vout). 

[0107] The "T2" (also referred to as a jump period) represents the maximum time taken by the optical pickup for 

jumping from the AV block #j to AV block #k (for example, it jumps from the innermost circuit to the outermost circuit). 

The jump period includes the seek time of the optical pickup and the time required for the rotation of the optical disc 

to be stabilized. In this period T2, the data amount of the track buffer decreases at the rate of Vout. This is the same 
55 in the period T4. 

[0108] The size of the AV block is obtained as follows, where the size is represented as L bytes. 

[01 09] In the period T2, AV data is read from the track buffer. Only this is performed. If the buffer capacity becomes 

0 during this period, an underflow occurs to the decoder. When this happens, the uninterrupted reproduction of the AV 
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data cannot be ensured. 

KL nee^eVaZT Unintem,Pted rePr ° dUCt, '° n * the AV data ** * Z™** *• underflow), the fClowing 

5 

<Formula 1> 
(storarge amount B) s (read-out amount R) 

[0112] The storarge amount Bis calculated using the following formula. 

<Formula 2> 

(storarge amount B) = (period Tl) * (Vin-Vout) 

- (read out time of one AV block) 

* (Vin-Vout) 
= (AV block size L/vin) * (Vin-Vout) 

Sii" szarjcsr! ,he ,o "°""" 9 * >,muia - • * — m - —» «»- 

30 

<Formula 3> 

(Read-out amount R) = T2*Vout 

- (maximum jump period T j ) *Vout 
= 1.5sec*8Mbps 
40 - 12 megabits 

= 1,5MB 

[0114, Re P^°th si desof^^ 

<Formula 4> 
(LyVin)*(Vin-Vout) ^ Tj'Vout 
[0115] From the Formula 4, it is derived that the AV b.ock size L should satisfy the following formu.a. 
<Formula 5> 

L ^ Tj*vin*Vout/ (Vin-Vout) 
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^ 1.5sec*llMbps*8Mbps/(llMbps-8Mbps) 

44 megabits 
^ 5.5MB 

[0116] From the above consideration, it is found that when AV data is recorded in a consecutive sectors of 5.5MB 
in one AV block, uninterrupted reproduction is secured even if a jump occurs between AV blocks. The minimum size 
of AV block to ensure uninterrupted reproduction is 5.5MB. In the present embodiment, the AV block size is set to 
7.2MB. This is because a margin is included in the value, taking an occurrence of a disc error or the like into account. 
Also, the track buffer capacity should have 1 .5MB at the minimum to prevent an occurrence of underflow. 



(1-2-1) Entire System 

[0117] FIG. 14 shows the construction of a system including the optical disc recording/ reproduction apparatus of the 
present embodiment. 

[0118] The system includes an optical disc recording/reproduction apparatus 10 (also referred to as DVD recorder 
10), a remote controller 6 used for operating the DVD recorder 10, a DVD recorder display 12 connected to the DVD 
recorder 1 0, and a receiver 9. 

[01 1 9] After the DVD- RAM disc is loaded, the DVD recorder 1 0 compresses the video/audio data which is included 
in the analog broadcasting waves which is received through the receiver 9, records the compressed data, with the AV 
block as the minimum unit, into the DVD- RAM disc, expands the compressed video/audio data, and outputs the ex- 
panded video/audio signals onto a display 12. 



(1-2-2) Hardware Structure of DVD Recorder 10 



[0120] FIG. 15 is a block diagram showing the hardware structure of the DVD recorder 1 0. 

[0121] The DVD recorder 10 includes a control unit 1 , an MPEG encoder 2, a disc access unit 3, an MPEG decoder 
4, a video signal processing unit 5, a remote controller 6, a bus 7, a remote controller signal receiving unit 8, and a 
receiver 9. 

[0122] The control unit 1 includes a CPU 1a, a processor bus 1b, a bus interface 1c, and a main memory 1d. The 
control unit 1 executes a program stored in the main memory 1d to control the entire DVD recorder 10 in terms of 
recording, reproducing, editing, etc. Especially, the control unit 1 controls the DVD recorder in accordance with the file 
system when AV data is recorded in the DVD-RAM disc in the minimum units of AV blocks. 

[0123] The MPEG encoder 2 compresses the video/audio data which is included in the analog broadcasting waves 
received through the receiver 9 and generates an MPEG stream. 

[0124] The disc access unit 3, having a track buffer 3a, under the control of the control unit 1 , records the MPEG 
stream received from the MPEG encoder 2 into the DVD- RAM disc via the track buffer 3a, reads out the MPEG stream 
from the DVD-RAM disc, and outputs the read MPEG stream to the MPEG decoder 4 via the track buffer 3a. 
[0125] The MPEG decoder 4 expands the compressed MPEG stream which is read out by the disc access unit 3, 
and outputs the expanded video data and audio signals. 

[0126] The video signal processing unit 5 converts the video data output from the MPEG decoder 4 into video signals 
for the display 12. 

[0127] The remote controller signal receiving unit 8 receives remote controller signals from the remote controller 6 
and informs the control unit 1 of which operation the user has instructed. 

[01 28] The DVD recorder 1 0 is, as shown in FIG.1 4, constructed based on the premise that it is used as a replacement 
for a VTR used at home. Not limited to the construction, when the DVD-RAM disc is to be used as a recording medium 
for computers, the following constructions are possible. That is to say, the disc access unit 3 is connected, as a 
DVD-RAM drive apparatus, to a computer bus via an IF called SCSI or IDE. Also, the components other than the disc 
access unit 3 shown in FIG.1 5 are achieved or operated when the OS and the application program are executed on 
the computer hardware. 

[0129] FIG. 16 is a block diagram showing the construction of the MPEG encoder 2. As shown in the drawing, the 
MPEG encoder 2 includes a video encoder 2a, a video buffer 2b for storing the output of the video encoder, an audio 
encoder 2c, an audio buffer 2d for storing the output of the audio encoder, a system encoder 2e for multiplexing the 
encoded video data and audio data respectively stored in the video buffer 2b and the audio buffer 2d, an STC (System 
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I!r n 23^X^ SynC C ' 0Ck Si9na ' S ^ enC ° d6r 2 ' an — " tro, unit 2g for centreing 
the number of packs in the VOBU «S LT ? ? generated in the encoding. Here, the GOP information includes 
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(1-2-3) Function Block Diagram 

ECC process, then writes the ECC block onto the disc executes the 

(a) Recording AV Data 

f 0" (alsK 1 ^ SPaCe Wt map by Writi "9 a " the sectors in the assigned AV block as 

K5J! ftt 0 ^ "!f Cha " 9eS in thS AV bl0ck ma ^gement table and the space bit map when AV data is recorded 

™ 1 4nm^ 
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to AV data as an AV block. data ' 3nd 3 consecutlve recording area is assigned 
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[0142] On receiving a command to delete AV data from the AV data editing unit 120, the AV file system unit 103 
updates the AV block management table by writing an AV block recording the specified AV data as "00" (unasslgned). 
s The AV file system unit 1 03 then updates the space bit map by writing all the sectors included in the current AV block 
as "1" (unassigned). 

[01 43] FIG.20 shows the changes in the AV block management table and the space bit map when AV data is deleted. 
As shown in the drawing, when the status of the AV block #n in the AV block management table is changed from "01" 
(for AV data) to "00" (unassigned), the statuses of all the sectors included in the AV block #n are changed from "0" 
10 (assigned) to "1" (unassigned). 

(c) Recording Non-AV Data 

[01 44] On receiving a command to record non-AV data from the recording/ editing/ reproducing control unit 1 05, the 
is common file system unit 104 detects unassigned sectors which are written as a 1 D (unassigned) in the space bit map 
and are included in the AV blocks written as "10" (for non-AV) in the AV block management table, and assigns the 
detected sectors to the specified non-AV data. The common file system unit 1 04 then records the non-AV data into the 
assigned sectors via the disc recording unit 1 00. After this, the common file system unit 1 04 updates the space bit map 
by writing the sectors having recorded the non-AV data as "0" (assigned). When not able to find unassigned sectors 
20 which are written as "1 " (unassigned) in the space bit map and are included in the AV blocks written as "1 0" (for non-AV) 
in the AV block management table, the common file system unit 104 assigns sectors in an AV block written as "00" 
(unassigned) to the specified non-AV data, updates the AV block management table by changing the status of the AV 
block to "1 0" (for non-AV), and updates the space bit map changing the statuses of the sectors to "0" (assigned). 

25 (d) Deleting non-AV Data 

[0145] On receiving a command to delete non-AV data from the recording/ editing/ reproducing control unit 105, the 
common file system unit 104 updates the space bit map by changing the statuses of all the sectors recording the 
specified non-AV data to "1" (unassigned). When it is found from the AV block management table that one AV block is 

30 occupied by the sectors with status "1 " (unassigned) by the above process, the common file system unit 1 04 updates 
the AV block management table by changing the status of the AV block from "1 0" (for non-AV data) to "00" (unassigned). 
[0146] The recording/ editing/ reproducing control unit 105 controls the entire DVD recorder 10. More specifically, 
the control unit 105 controls display of guidance which urges the user to operate, receives instructions from the user 
reacting to the guidance via the user IF unit 1 06, and, in accordance with the user instructions, requests the AV data 

35 recording unit 110, AV data editing unit 120, or AV data reproducing unit 130 to execute operations such as newly 
recording of AV data, and reproducing and editing of recorded AV data. 

[0147] The user IF unit 106 receives instructions for operations from the user via the remote controller 6, and informs 
the received user instructions to the recording/ editing/reproducing control unit 1 05. 

[0148] The AV data recording unit 110, AV data editing unit 120, and AV data reproducing unit 130, on receiving a 
40 recording request from the control unit 105, issue a command necessary for achieving respectively the recording, 
editing, and reproducing requests to the AV file system unit 1 03. 

(1-2-4) Commands Executed by File system Unit 102 

45 [0149] Following are the commands supported by the file system unit 1 02. 

[01 50] The file system unit 1 02 receives various commands from the AV data recording unit 1 1 0, AV data editing unit 
120, AV data reproducing unit 130, and the recording/ editing/ reproducing control unit 105, and manages the files in 
accordance with the received commands. 

[01 51] FIG. 21 shows a list of commands supported by the file system unit 1 02 for the file management. The operations 
50 executed by the file system unit 1 02 in response to the commands are described below. 

[0152] CREATE: generate a new file on the disc, and return a file identification descriptor. 

[0153] DELETE: delete a file from the disc. More specifically, the command cancels the assignment of recording 
areas in units of AV blocks for deleting an AV file, and cancels the assignment of recording areas in units of sectors 
for deleting a non-AV file. 
55 [01 54] OPEN: obtain a file identification descriptor to access a file recorded on the disc. 
[0155] CLOSE: close an opened file. 

[01 56] WRITE: record a file onto the disc. More specifically, the command assigns recording areas in units of sectors 
for AV blocks for non-AV data, and records data into the assigned sectors. 
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[01 57] READ: read a file f roTthe disc. 

22 ™ VS inSlde 9 data stream recorded on disc. 

[0159] RENAME: change a file name. 

[01 60] MKDIR: generate a new directory on the disc 

[0161] RMDIR: remove a directory from the disc 

lnlt*l tl ATEFS: inqUire ab0Ut the current state ° f the file system. 
LUi 63] GET-ATTR: obtain an attribute of a file. 

JJIS !5T;f^ : change an attribute of a currem| y °p ened "to. 

boundary. ^ na reTum FALSE lf '* doe s not include the discontinuous 
(1-3) Recording/ Deleting 

Non-AV Data, and (1-3-5) Deleting of Non-AV Data. * 9 AV ° ata ' (1 ~ 3 " 4) Recordi "9 of 
(1-3-1) Manual Recording of AV Data 

display 12 displays a guidance image 200 shown 6 rem ° te C0ntrO " er 6 shown in F,G 22 > the 

control unit 105. When the user Tresses "r S"s£.£S t ' *! C ° n,r0l '° f the • dMn 8' ^producing 

200 is dispiayed on the screen a guidance SJifSjS °° ^ thS 9UWanCe ima ^ 

"recording time" and "recording qua^^^L? 9 C ° nditi ° nS ^ P"" 6 " 1 eXamp ' e ' the 

'•specify," the screen ohanges to a JllZSSi^^Z "7 ^ bUtt ° n - Her6 ' 1 th6 USer selects 

S^SJ^SS?: : n TS 9 e conditio ";: ,ates to the bit rate and r ° M » ^ *™ — and 

FIG.24. 9 ' 1,me - ensu ™3-" The bit rate and resolution for each quality type is shown in 

Ss ^^^^^^:z^s^Tr qua,ity r the guidance ima9e - 

operations allows the manual recording I to be farted ' 0386 ° f manUa ' r6COrdin9 - This series ° f 

J!2 !' G 25A iS a flowchart showin 9 the manual recording process. 

i-IKC^ iS^T^^^i th r Record " button is sent to - 

the CREATE command to the common He system un 04 Si £TZ ^ n ° mca « 0n < the c ° n ™ ""ft 1 05 issues 
system unit 1 04 returns the file idenXation ffiZ^?? „ ? reCe ' Vin9 the C ° mmand ' the common fi,e 
is specified as the maximum size of 5^*^X1^ h ? B ° ^ * ^ ,hiS pr0Cess " the file sbe 
the recording/editing/ reproducing IlS senS a SSSSi FT* * ** 83 ** reC ° rdin9 Bn »- Als °' 

--'-aboveprocessisp^^^^ 
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system unit 103 (step 251) to allow the AV file system unit 1 03 to store the file identification descriptor given by the 
control unit 1 05 and information on the file entry into a work memory (not illustrated) (the information stored in the work 
memory is also referred to as "Fd" (File descriptor). 

[0182] The AV data recording unit 11 0 issues the AV-WRUE command to the AV file system unit 1 03 every time the 

5 track buffer 3a stores a predetermined amount of MPEG data until it receives a stop command from the control unit 
1 05 (steps 252 and 253). When receiving the stop command, the AV data recording unit 1 1 0 issues the AV-WRITE 
command (step 254), and issues the CLOSE command (step 255) to end the present process. The AV-WRITE com- 
mand is issued in step 254 to process the allocation descriptor of the last extent to be held in the Fd. The CLOSE 
command is issued in step 255 to write back the Fd in the work memory onto the DVD-RAM disc as a file identification 

io descriptor, a file entry or the like on the DVD-RAM disc. 

[0183] Now, the data recording process executed by the AV-WRITE command is described in detail. 
[0184] FIG.26 is a flowchart showing the process performed by the AV file system unit 103 having received the 
AV-WRITE command. Here, it is presumed that the AV-WRITE command is issued to the AV file system unit 103 
together with three parameters specified. The three parameters respectively indicate: the Fd having been opened by 

15 the OPEN command as described above; the size of data to be recorded; and a buffer (in this embodiment, the track 
buffer 3a) storing the data. The Fd specified by the parameter includes, as the file entry does, information of a storage 
position of an extent and a length of the extent. The Fd is updated every time the AV-WRITE command is issued during 
the period between the opening and closing of the Fd. For the second or a subsequent issue of the AV-WRITE com- 
mand, new data is additionally written, following the already-recorded data. 

20 [01 85] As shown in FIG.26, the AV file system unit 1 03 holds a counter for counting for a size specified as a parameter. 
Until data of the specified size is completely recorded (step 265: No), the AV file system unit 103 assigns areas to the 
data, one sector by one sector, and records the data onto the disc. More specifically, when an opened file does not 
include already- recorded data (when the AV-WRITE command is issued once in a recording process); or when an 
opened file includes already-recorded data (when the AV-WRITE command is issued twice in a recording process) 

25 and the data is recorded to the end of an AV block (step 266: No), the AV file system unit 1 03 detects an AV block with 
status "00" (unassigned) by referring to the AV block management table (step 267), changes the status to "01 " (for AV 
data) (step 268), and changes the statuses of all the sectors included in the AV block from "I" (unassigned) to "0" 
(assigned) (step 269). 

[0186] When an opened file includes already- recorded data and the data is not recorded to the end of an AV block 

30 (step 266: Yes), the AV file system unit 1 03 proceeds to step 270. 

[01 87] The AV file system unit 1 03 fetches data having a size of one sector from the track buffer 3a, and records the 
fetched data to the first sector of the newly assigned AV block or to a sector following a data-recorded sector on the 
DVD-RAM disc (step 270). The AV file system unit 103 then updates the counter (step 271). The AV file system unit 
1 03 judges whether two sectors in which data was recorded most recently are consecutive sectors (step 272). The AV 

35 file system unit 1 03 judges that the two sectors are not consecutive when the two sectors are not physically consecutive 
or when a zone boundary exists between the sectors. The presence of a zone boundary between the sectors is judged 
by referring to the last-block-length table shown in FIG. 5. When it is judged as negative in step 272, the AV file system 
unit 103 allows the allocation descriptor of Fd to hold, as one extent, the AV data recorded the AV block immediately 
before the current AV block (step 273). When it is judged as positive in step 272, control returns to step 265. 

40 [0188] When data of the specified size is completely recorded by repeating the recording of data into sectors (step 
265: Yes), the AV file system unit 103 allows Fd to hold the allocation descriptor of the last extent including the last- 
recorded sector (step 274) to end the "AV-WRITE" process. 

[0189] As described above, on receiving the AV-WRITE command, the AV file system unit 1 03 assigns areas to the 
specified AV data in units of AV blocks which are each a consecutive area of about 7MB. With this arrangement, each 
45 extent, except the last extent, in each AV file in which AV data has been recorded has at least about 7MB. This ensures 
the uninterrupted reproduction. 

[0190] It is described for the sake of conveniences that data having a size of one sector is recorded onto the DVD-RAM 
disc in step 270. However, in reality, data is recorded onto the DVD- RAM disc each time the track buffer stores data 
equivalent to one ECC block (16 sectors) in size. 



(1-3-2) Programmed Recording of AV Data 

[0191] The programmed recording is a recording process performed when the user presses the "Record" key on the 
remote controller with a time for programmed recording set. 
55 [0192] Here, it is presumed that the user selects "Specify" and 'Time- Ensuring" on the guidance image 201 , as a 
sample case of the programmed recording. This allows the programmed recording to be started. 
[0193] FIG.25B is a flowchart showing the programmed recording process. 

[0194] The process starts as a notification that the user has pressed the "Record" button is sent to the recording/ 
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editing/reproducing control HPF05 via the u S e>r IF ,. n >t m R n i-*^ 

the common file system unit 104 of the It^Z^l ^ 'T™ 9 ^ the control unit 105 notifies 

256). On receiving the command, tii^r^^ "T.™ CREATE co ™™<* to the same unit 104 feten 
possib.e to create a file. In this process. E££SES?i^ ^ id6nti,ication descri P^ when it is 
specified time. Also, the recording/editing/ C^^STu^o?! h"*""^^ b '° CkS Corres P° ndi "9 to the 
specified time can be assigned based on whefher a JL iSS , h J 968 Whether areas corr esponding to the 
[0195] Having judged that the areas can n^th ■dentif.cation descriptor has been sent (step 257) 

by performing thi eL process ' 

unit 110. On receiving these types of information J ° rd ' n9 COndition t0 the Av da » a recording 

259) when it is the specified I'e to -ZSoS^X T?" 9 "* 110 iSSUeS the OPEN —and (ste? 
""'tlioarealmostthe same as the steps 252^SshSn^ 

[0198] Note that the order of the steps 256 and 257 may be reversed. 
(1-3-3) Deleting of AV Data 
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[01 99] Both AV files and non-AV f ile<s are h^i^m u *u 

is issued. When receiving the DELETE command -TSTL^SS ST 1 ° 4 When ° ELETE «™ d 
wh ^»thece^nfllel8anAVflleoranon-AvS^^te^ ' ! f^ 0 " fMe System unit 104 ^ 
The common file system unit 104 1^X^127?^*^^^ 
map in accordance with the above judgement result * mana 9 ement table and the space bit 

o the specified AV file (step 240). Having judged L poiftive in SI T * by referrin 9 to the flle ^ntry 

AV block management table by changing the S3 tie Av bloot?*, h h™™" SySt6m unit 1 04 u P dates 
"00" (unassigned) (step 241) updates th* u J * ,n ° ,Uded in the extent fro ™ "01" (for AV data) to 

^ockfrom4(ai! g ne%S^^ 

is no extent to be deleted (step 240: No), the^rZ L ^^XlTPl T ^ entfy (Step 243 >" When ther * 
ends the AV file deletion process V t6m Unrt 104 deletes the file identification descriptor and 

composed of AVfi.es #2-1 and c^S^iLS^^ ^ a " d #1 ' 2 >- The AV «< a *2 is 

#1 of the AV blocks #11 and #14 P A Sh ° WS that extents have been deleted from the AV file 

Sn^ 

Sd^^ 

of ail the sectors inciuded in the AV SS^ch^CS? ^ ^ ** Spa ° e bit ma "' statuse * 

here that the lower part of FIG.28A is nott^SSX^r?'^ ' ■ "1 " 11 sh °"' d •» noted 

Phys,ca„y deleted, in realty, the AV data is dealt wit°h S^tT A ™^« fJT #11 «" * 14 is 

(1-3-4) Recording of Non-AV n«t a 
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[0205] The common file system unit 1 04 
S 6 mu^« 

the common file system unit 104 detects unassigned sSorTwhTch ? P J' HaV,n ^ ud 9 ed as P°*i«ve in this step, 
map and are included in the AV blocks written as '10" «T2Z or wTunt" " " i : (Unassi 9 ned ) *. space bit 
table (step 262). When the status of the AV block includ Z the ?! < UnaSSlgned > in the AV bl °ck management 

system unit 1 04 changes the status to "1 0" (for no^i^^n T " °°" (unassi 9 ned >' the common file 
-0" (assigned) to »1 - (unassigned) (step 264), £££Z£Z2£^& TZT ? ?' ***** SeCt0rS f ™ 

"un mv aata into the detected sectors (step 265). The 
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common file system unit 1 04 therfjuages whether two sectors in which data was recordedmost recently are consecutive 
(step 266). When it is judged as potive in step 266, control returns to step 261; when it is judged as negative, the 
common file system unit 104 records into the file enty the allocation descriptor of the extent including the sector im- 
mediately before the current sector (step 268) to end the non-AV data recording process. 



(1-3-5) Deleting of Non-AV Data 

[0207] On receiving the DELETE command specifying a certain file from the recording/ editing/ reproducing control 
unit 105, and when the certain file is non-AV file, the common file system unit 104 performs the deletion process as 



[0208] FIG.30 is a flowchart showing the process of deleting non-AV files performed by the common file system unit 
104. 

[0209] The common file system unit 1 04 judges whether an extent should be deleted by referring to the file entry of 
the specified non-AV file (step 271). Having judged as positive in this step, the common file system unit 104 updates 
15 the space bit map by changing the statuses of all the sectors included in the'extent from "0" (assigned) to "1" (unas- 
signed) (step 272). 

[0210] The common file system unit 104 then judges whether the statuses of all the sectors included in an AV block 
in the extent are "1" (unassigned) by referring to the AV block management table (step 273). When it is judged so in 
the step, the common file system unit 104 updates the AV block management table by changing the status of the AV 
20 block from "1 0" (for non-AV data) to "00" (unassigned) (step 274). The common file system unit 1 04 deletes the allo- 
cation descriptor of the extent from the file entry (step 275), then returns to step 271 . When it is judged that there is 
no extent to be deleted, the non-AV file deletion process ends. 

[0211] FIG.31 A shows deleted non-AV files. The upper part of the drawing shows that AV block #11 includes non-AV 
files #3 and #4. Each of the non-AV files #3 and #4 includes only one extent. The lower part of FIG.31 A shows that 

25 the extent has been deleted from the non-AV file #3. 

[0212] FIG.31 B shows the changes in the AV block management table and the space bit map corresponding to the 
deletion shown in FIG.31 A. The left-hand side of FIG.31 B shows the state before deletion, and the right-hand side 
shows after deletion. In the AV block management table, the status of the AV block #11 remains to be "1 0" (for non-AV 
data) in accordance with the procedure shown in FIG.30 since file #4 remains in the block. In the space bit map, 

30 statuses of all the sectors included in the extent of AV block #11 are changed from "0" (assigned) to "1" (unassigned). 
It should be noted here that the lower part of FIG.31 A is not intended to show that the non-AV data included in the file 
#3 is physically deleted. In reality, the non-AV data is dealt with as invalid data by the AV file system unit 103. 
[0213] As apparent from the above description, the DVD-RAM of the present embodiment includes the space bit 
map and the AV block management table as a part of the file system management information. This construction 

35 ensures uninterrupted reproduction of AV data since consecutive areas are assigned in units of AV blocks. 

[0214] In the DVD-RAM of the present embodiment, when an AV block is assigned to AV data, the statuses of all 
the sectors included in the AV block are changed to "assigned" in the space bit map. With such a management method, 
even if the DVD-RAM of the present invention is accessed by a conventional file system which supports only the space 
bit map, the following problems are prevented: data is written into sectors included in AV blocks for AV data, and 

40 consecutive sector areas assigned to AV data are used and lost. 

[0215] Concerning the sectors included in AV blocks assigned to non-AV data, only the statuses of the sectors in 
which data has actually been recorded are shown as "assigned" in the space bit map. That is to say, different from the 
case of the AV blocks assigned to AV data, the statuses of the sectors in which data has not been recorded are not 
shown as "assigned" in the space bit map. 

45 [021 6] With the above construction, non-AV data can be recorded into an AV block when there are unassigned areas 
in it even if the AV block has already been assigned to another kind of non-AV data. This enables the use efficiency of 
the entire disc to be improved even if the disc includes both AV blocks for AV data and AV blocks for non-AV data. 
[0217] In the above embodiment, the DVD recorder 10 is, as shown in FIG. 14, constructed based on the premise 
that it is used as a replacement for a VTR used at home. Not limited to the construction, when the DVD-RAM disc is 

so to be used as a recording medium for computers, the following constructions are possible. That is to say, the disc 
access unit 3 is connected, as a DVD-RAM drive apparatus, to a computer bus via an IF called SCSI or IDE. Also, the 
components other than the disc access unit 3 shown in FIG. 15 are achieved or operated when the OS and the appli- 
cation program are executed on the computer hardware. In this case, the disc recording unit 100, disc reading unit 
101 , and file system unit 102 are mainly achieved as applications for enhancing the OS or the functions of the OS. 

55 Also, the other components other than these are mainly achieved as functions of the application programs. The various 
commands supported by the file system unit 1 02 are equivalent to service commands, such as a system call command, 
provided to the applications. 

[0218] In the above embodiment, two bits are used to indicate the assignment status of each piece of AV data in the 
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used for representing the assignment status of the TbSs Is «Z£Z 7 S* 630,1 PiSCe °' tW °- byte data are 
bits represent the number of effective ECC Wa2L i„ «T desc "bed in the present embodiment. The lower 12 
includes 224 <»E0" in hexadecima^oitSeSSe ECC ™ ^ ** eXamp,e " the first AV b '°<* 

decimal notation) effective ECC blocks ° kS ' and the S,Xth AV block ™^ 223 ("DP" in hexa- 

each AV block from which the number of mSZSSS^ *T ° f ECC b '° Cks included in 

102 could not obtain the number of effective ECC Wools TlrZ f ? 7°' subtracte * * the file system unit 
address error process when recording data since^t l^l^Vr 5S ^ W ° U,d b * reqUired t0 P erfo ™ a " 
of data that can be recorded into each AV bloTk wi houtT i To^ l * * 1 ° 2 * reC ° gni2e the amount 

* b °ws\he assign™^ 

used for representing the assignment status T^S^^ZZ!^ * "* ° f f0Ur " bit data are 
significant bit is "1» (also referred to as a nriB^SnS^S^!^* u Dresent embodiment. When the most 
length, when the bit is "0," the bit indicates a lenSh He re whJ '^Iw ■?* ^ CUrr6nt AV block nas a variable 
the AV block includes 224 effective ECC blocks StS addless %Z ™ Ck * ^ ^ il indicates 
An AV blocks has a variable iength when *%1Zj££?£SZ 227^ ™ !*"* *~ 3 Variab ' e ' en9th - 
block ,s the last AV block adjacent to a zone boundary " 9 a " address error or wne " the AV 

AV block, a block number and the number ol^^^SS^ff „ FIG5 - inc '"**. *» each variable 
ment table, AV blocks with the variable-length b£are fepLlnted ' * °, aWin9> * the AV b '° ck mana 9 6 " 

ECC blocks for each of these variable-len^h AV ££££^£T Tf? ^ nUmber ° f effect ^ 
an arrangement in which the variable-length AV bloc SiSS? f Variab,e - ,en 9 tn AV block tab.e. With such 
the number of effective ECC blocks, it is posstole fo th I S Z f ^ Variabte AV block < a b,ock number and 
the AV block number when managing SESt^^E^ i!T * Variable - ,en 9 th AV bl <** table using 
the third construction example, compared with thfse^nTc^m^ 9 ^ ™ b ' 0Ck mana 9 e ™<« table. Also 
management table. eCOnd constnjc t'on example, has a reduced size of the AV block 

Sa^ 

table, it is further possible to perform the mapp Z ofZlZZtlLZ "f* - - 5 *" vanab ' e " ,en 9tb AV block 
start sector number, track number, zone number in the AV b S '° CkS W ' th ° Ut difficu,, y bv record ing the 

sizes of AV blocks in the variable-length AV block taofe "»"agement table, instead of recording the physica. 

correspond to one AV btocfcaT^ -P««- of two-byte data which each 

weH as the assignment status. The upper four btem t^ZlZ T T ° f " the AV b,ock . as 

as described in the present embodiment. The lower T 2 b»s indicl th 9 assi 9 nment stat ^ of the AV blocks 

that one f«e is divider « 2 1^"?"™'°"* t0 006 AV ""*■ ^ ^ 
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in one AV block, the file Is regeHrea as one file. 
[0231] The use of such a counter provides two merits to the management of the AV blocks. The first merit is that it 
becomes easier to judge whether to release AV blocks for non-AV data. In the present embodiment, the file system 
unit 102 releases an AV block as unassigned when confirming by referring to the space bit map that all the sectors 
5 included in the AV block are unassigned. As understood from this, in the present embodiment, to release an AV block, 
the space bit map is referred to. However, when the AV block management table includes counters as shown in FIG. 
34, it is possible to release an AV block for non-AV data when the counter is "0." This eliminates the necessity for 
referring to the space bit map. It is needless to say that the space bit map should be updated each time data is deleted 
from any sectors. 

10 [0232] The second merit is that it becomes easier for a plurality of files to coexist in one AV block for AV data. The 
term "coexist" indicates a case in which one AV file is divided into a plurality of AV files by editing not that an AV file is 
added to an AV block in which another AV file has already been recorded. In this case, it is possible by using the counter 
to detect the presence of a plurality of AV files in an AV block and to release an AV block when the counter is "0." 
[0233] In reality, it is enough to take into account a case where two files coexist in one AV block. In this case, it is 

15 enough to set a flag, instead of a counter, indicating "coexist" of "not coexist." In this case, the file system unit 1 02 may 
refer to the space bit map to determine whether to release an AV block for non-AV data, as described in the present 
embodiment, and may refer to the "coexistent" flag to determine whether to release an AV block for AV data. 
[0234] It is also possible for the fourth construction example to use the variable-length bit described in the third 
construction example. Furthermore, it will also be possible for the AV block management table to additionally include 

20 the size of AV block if the size of the data for each AV block is increased to three bytes or more. 
[0235] FIG. 35 shows the fifth construction example of the AV block management table. 

[0236] In the present embodiment, the last AV block in each zone has a variable length so as not a zone boundary 
is within one AV block. In the fifth construction example, each AV block has a fixed length of about 7MB, and AV blocks 
are arranged from the start of the disc in order. In this case, like the AV blocks represented by slant lines in FIG.35, 
25 some AV blocks may include a zone boundary. It is impossible to secure the uninterrupted reproduction for the AV 
blocks including a zone boundary. Therefore, it is required to manage the information indicating whether each AV block 
includes a zone boundary. For this purpose, the fifth construction example allows the AV block management table to 
have a flag indicating whether each AV block includes a zone boundary. 

[0237] The AV block management table shown in FIG.35 includes an arrangement of a plurality of pieces of four-bit 
30 data which each correspond to one AV block. The upper one bit indicates whether the corresponding AV block includes 
a zone boundary. The lower three bits indicate the assignment status of the AV block. In this case, the file system unit 
1 02 assigns three consecutive AV blocks whose center AV block having a zone boundary to one AV file, and does not 
assign one AV block having a zone boundary to one AV file. With this arrangement, it is possible to ensure the unin- 
terrupted reproduction even if an AV file is recorded into the AV block having a zone boundary. 
35 [0238] When it is presumed that only non-AV files can be recorded in the AV blocks including a zone boundary, the 
same number of AV blocks as the number of zone boundaries, that is 24 AV blocks should be prepared for the non-AV 
files. The total capacity of the 24 AV blocks amounts to 1 64MB. That means, the capacity of the area in which AV files 
can be recorded reduces. As a result, it is desirable for the file system unit 102 to manage the above-described three 
consecutive AV blocks together for each zone boundary. 
40 [0239] It is also possible for the AV block management table shown in FIG. 6 to include a discontinuous flag which 
indicates that the AV blocks before and after a zone boundary are not consecutive. With this arrangement, it will be 
easier for the file system unit 102, when assigning two consecutive AV blocks, to judge whether the two consecutive 
AV blocks have a zone boundary in between since the unit 102 can obtain the information by referring to the AV block 
management table. 

45 [0240] When a set of AV blocks for non-AV data is reserved in advance, with the set having a predetermined size, 
the mixed presence of the AV blocks for AV data and non-AV data is prevented. This makes it easier to assign con- 
secutive areas to AV data. 

[0241] When a disc having been written by an AV file system is not compatible with discs having been written by 
another type of file system, and when the disc is accessed only by the AV file system, it is possible to write as "assigned" 
50 the statuses of the sectors in which AV data has actually been recorded, not the statuses of all the sectors included in 
AV blocks whose statuses are written as "for AV data." This makes it easier to manage the unassigned areas in the 
AV blocks. 

[0242] In the present embodiment, the statuses of all the sectors included in an AV block for AV data are written as 
"assigned." However, only the statuses of the sectors in which AV data has actually been recorded may be written as 
55 "assigned." This makes it easier to manage the unassigned areas in the AV blocks though compatibility between discs 
having been written by the AV file system and another type of file system is somewhat lost. 
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(2) Embodiment p 

[0243] Now, the optica, disc and the optica, disc recording/reproducing apparatus of Embodiment 2 are described. 
5 (2-1) Optical Disc 

[0244] Embodiment 2 differs from Embodiment 1 in that m n«„^ ~ 

are assigned to AV data to be recorded and that 2) ? C ° nsecUt,ve records - inst ^ d of the AV blocks, 

is used instead of the AV block management tab h! C ° nSecU , tlve record assignment management information 

[0245] With regard to the «bo^SS^j h ^25*T 1 ( > and (2) 3re deSCnbed be,ow «" ^ail. 
divided into AV blocks each with a fSTength n SSJ^J^SE ff ^ * a,m0St 

contrast, in Embodiment 2. AV blocks are no? used. Instead anSs ca^ed Z J* T W n °' to the area ' ,n 

xr oAvdata -~^^ 
-lis 

4 can a,so be app.ied to Embodiment by ^gto^ SolTsZVV^ T" *° ° f Ernb ° diment 2 ' F,G " 
are the same as Embodiment 1 : the partition region is dWH^ fnt " , Embod,ment ^ other characteristics 
of data are performed in unrts of ECC E^iKll!522lJ T "V : a " d readin 9 and writi "9 

in «l is not used in Embod,ment 2, the 1^^^!:^^^ 
(2-1-1) Pseudo Con secutive Record 

da.a ossordsd la ,h. .,„, „ here ,„„ ^ 'SaTa^wtJa ~™ ® ? **■ - «" "™ AV data oa ttt. AV 

conssotttivo reproduction, and tha area Is oomnZd^i ™. J* 1 ** ha> * Slze gteau " ,ha " » *• ensures a 
the ECO P,oo kf p me ,hod „ .JlTo^*"^"-".-.^ 

te 

zone. This is because a jump to the replace" area d^s not rep,aC6ment area havi "9 b ™ reserved in the same 
[0250] Each pseudo consecutive iSS*S3i?f? w ? 0386 ° f the ECC b,0ck ski P method - 
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[0256] The area identified by^re start and end sector numbers specified by each entr^ndicates a series of sectors 
which has been assigned as a whole or a partial pseudo consecutive record. 

[0257] Here, a relationship between the pseudo consecutive record and the extent which is managed in the file 
system is described. The pseudo consecutive records and the extents correspond to each other in a one-to-one relation 
5 when the extent does not outstep a zone boundary; a plurality of pseudo consecutive records correspond to one extent 
when the extent outsteps a zone boundary. For example, when an extent outsteps a zone boundary, two pseudo 
consecutive records are formed before and after the zone boundary, both corresponding to the extent. 

(2-1-3) Pseudo Consecutive Record Assignment Management Information and Space Bit Map 

10 "" ~' ~ ~ ~ " ■ - - - • ~ 

[0258] FIG.36B shows a space bit map corresponding to the management information shown in FIG.36A. In the 
example shown in the drawing, bits corresponding to sectors (sector numbers 6848-15983) of pseudo consecutive 
area #1 are all "0" indicating "assigned." It is desirable that the management information and the space bit map are 
managed together so that they reflect each other, although they use different units to indicate the assignment states 
*5 of the data area. The optical disc recording apparatus sets the bits in the space bit map corresponding to sectors 
assigned as pseudo consecutive areas to "0" indicating "assigned." 

(2-2) Recording/Reproducing Apparatus 

20 [0259] Here, the optical disc recording/reproducing apparatus of Embodiment 2 is explained. 

(2-2-1) System and Hardware Structure 

[0260] Embodiment 2 uses the same structures as Embodiment 1 in terms of the system structure shown in FIG. 14, 
25 the hardware structure of the DVD recorder shown in FIG. 15, the structure of MPEG encoder 2 shown in FIG. 16, and 
the structure of MPEG decoder 4 shown in FIG. 17. 

[0261] Embodiment 2 differs from Embodiment 1 in that (1) pseudo consecutive records, instead of the AV blocks, 
are assigned to AV data to be recorded, and that (2) pseudo consecutive record assignment management information 
is used instead of the AV block management table. Accordingly, a program different from the program is stored in the 
30 main memory 1d shown in FIG. 15 for use in the present embodiment. 

(2-2-2) Function Block Diagram 

[0262] FIG.37 is a function block diagram showing the construction of the DVD recorder 1 0 of Embodiment 2 based 
35 on the functions of the components. Each function shown in the figure is achieved after the CPU 1a in the control unit 
1 executes the program in the main memory 1d to control the hardware shown in FIG. 14. 

[0263] In FIG.37, reference numerals similarly numbered as those in FIG. 18 for Embodiment 1 designate like com- 
ponents, and a recounting of their function will be omitted from the description of this embodiment. 
[0264] Embodiment 2 differs from Embodiment 1 in that the file system unit 102, recording/ editing/ reproducing/ 
40 control unit 105, and AV data recording unit 110 shown in FIG. 18 are not used, but a file system unit 202, recording/ 
editing/ reproducing/control unit 205, and AV data recording unit 210 are used instead. 

[0265] The file system unit 202 differs from the counterpart in Embodiment 1 in that it includes an AV file system unit 
203 and a common file system unit 204 instead of the AV file system unit 103 and a common file system unit 104. 
[0266] The AV file system unit 203 differs from the AV file system unit 103 only in that it does not support the 

45 AV_WRITE command shown in FIG.21 . 

[0267] The common file system unit 204 differs from the common file system unit 1 04 only in that the WRITE command 
is used to write AV data as well as non-AV data onto the disc. That is, the file system unit 202 does not discriminate 
between AV data and non-AV data, but deals with them equally. The AV data and non-AV data are treated differently 
by the AV data recording unit 210, AV data editing unit 220, and AV data reproducing unit 230. 

50 [0268] The AV data recording unit 21 0, AV data editing unit 220, and AV data reproducing unit 230, respectively on 
receiving a recording request, an editing request, and a reproducing request from the recording/ editing/ reproducing/ 
control unit 205, issues necessary commands to the AV file system unit 103. 

[0269] The AV data recording unit 210, on receiving a recording request from the control unit 205, issues a command 
necessary for the requested recording to the AV file system unit 103, and also creates or updates the management 
55 information shown in FIG.36A. More specifically, the AV data recording unit 210, on receiving a recording request, 
searches for unassigned areas by referring to the space bit map and the management information, assigns an area 
having a size greater than the earlier-mentioned fixed length of about 7MB, and also creates a new piece of manage- 
ment information shown in FIG .36 A. Here, when a pseudo consecutive record has already been created, it is desirable 



23 



EP 1213 722 A2 ^ 
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(3) Embodiment 3 

[0282] Embodiment 3 differs from Embodiment 2 in that (1 ) the minimum size of the pseudo consecutive record can 
be dynamically changed, and (2) the pseudo consecutive record assignment management information is not used. 

5 The differences are described as follows. 

[0283] With regard to the above difference (1), the DVD recorder 10 of the present embodiment determines the 
minimum size of the pseudo consecutive record in accordance with the bit rate of a video object to be encoded actually, 
while in Embodiment 2, the minimum size of the pseudo consecutive record is set to a fixed length of about 7MB to 
ensure the consecutive reproduction of AV data. 

w [0284] With regard to the above difference (2), the DVD recorder 10 of the present embodiment does not use the 
management information. Instead, the DVD recorder 10 searches for unassigned areas by referring to the space bit 
map to assign areas as pseudo consecutive records to AV data to be recorded. 

(3-1) Minimum Size of Pseudo Consecutive Record 



[0285] First, the reason for determining the minimum size of the pseudo consecutive record as mentioned in the 
above difference (1 ) is explained. 

[0286] FIG. 39 shows a model of buffering of AV data into the track buffer, the AV data being read from the DVD-RAM 
disc by a reproduction apparatus reproducing a video object. This model is created based on minimum specifications 
20 required for the reproduction apparatus. As far as these specifications are satisfied, the uninterrupted reproduction is 
ensured. 

[0287] In the upper part of FIG. 39, the AV data read from the DVD-RAM disc is subjected to the ECC process. The 
processed AV data is then temporarily stored in the track buffer (FIFO memory), and is sent to the decoder. In the 
drawing, n Vr" represents an input transfer rate of the track buffer (rate of data read from an optical disc), and "Vo" 

25 represents an output transfer rate of the track buffer (decoder input rate), where Vr>Vo. In this model, Vr=11 Mbps. 
[0288] The lower part of FIG. 39 is a graph showing the change in the data amount of the track buffer in this model. 
In the graph, the vertical axis represents the data amount of the track buffer, the horizontal axis represents time. The 
graph is based on the premise that a pseudo consecutive record #j that has no defective sectors and a pseudo con- 
secutive record #k that has a defective sector are read in the order. 

30 [0289] The T1 " represents a time taken for reading out the entire AV data recorded in the pseudo consecutive record 
#j that has no defective sectors. In this period T1 , the data amount of the track buffer increases at the rate of (Vr-Vo). 
[0290] The "T2" (also referred to as a jump period) represents a time taken by the optical pickup for jumping from 
the pseudo consecutive record #j to #k. The jump period includes the seek time of the optical pickup and the time 
required for the rotation of the optical disc to be stabilized. The maximum jump period is equal to the time taken for 

35 jumping from the innermost circuit to the outermost circuit. In this model, it is presumed that the maximum jump period 
is about 1500mS. In this period T2, the data amount of the track buffer decreases at the rate of Vo. 
[0291] A period including three periods "T3" to "T5" represents a time taken for reading out the entire AV data recorded 
in the pseudo consecutive record #k that has a defective sector. 

[0292] Among these periods T3 to T5, the period T4 represents a time taken for skipping the current ECC block that 
*o has a defective sector and moving to the next ECC block. The skipping to the next ECC block is performed when even 
one defective sector is found in the current ECC block (1 6 sectors). That means, when a defective sector is found, the 
problem of the defective sector is solved by not using the whole ECC block (all 16 sectors) including the defective 
sector, not by logically replacing the defective sector by a replacement sector (replacement ECC block). This method 
is called ECC block skip method which has been described earlier. The period T4 represents a disc rotation wait time, 
45 where the maximum disc rotation wait time is equal to one complete rotation time of the disc. In this model, it is presumed 
that the maximum disc rotation wait time is about 1 05mS. In the periods T3 and T5, the data amount of the track buffer 
increases at the rate of (Vr-Vo). In the periods T4, the data amount decreases at the rate of Vo. 
[0293] The size of the pseudo consecutive record is represented as "N_ecc*1 6*8*2048," where the "N_ecc" repre- 
sents the total number of ECC blocks included in the pseudo consecutive record. The smallest value of N_ecc, namely 
50 the minimum size of the pseudo consecutive record is calculated through the following procedure. 

[0294] In the period T2, AV data is read from the track buffer. Only this is performed. If the buffer capacity becomes 
0 during this period, an underflow occurs to the decoder. When this happens, the uninterrupted reproduction of the AV 
data cannot be ensured. Here, to ensu re the uninterrupted reproduction of the AV data (not to generate the underflow), 
the following formula need be satisfied. 
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(storage amount B) £ (consumption amount R) 



10 

<Formula 7> 



15 



(storage amount B) = ( period T l)*(Vr-Vo) 

= (read out time of one pse'udo 
consecutive record) * (Vr-Vo) 
" (L/Vr)*(Vr-Vo) 

- (N__ecc*16*8*2048/Vr) * (Vr-Vo) 

- (N_ecc*16*8*2048)*a-Vo/Vr) 
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35 <Formuia 8> 

(consumption amount Ft) = T2*Vo 
[0299] Replacing both sides of the Formula 
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respectiveVbyPom.u.arandFormu.aegivesusthefonowingfon.uia. 
<Formula 9> 

(N_ecc*16-8*2048)*(1-Vo/Vr) - T2'Vo 
[0300] From the Formula 9, it is derived that »N 

<Formula 10> 
N_ecc S Vo*Ty((16*8'2048)*(1-Vo/Vr)) 

Forni x con" ° UtPUt ' 38 3 SUbStantial ^od" npu Vr »e Tor A^Z™" * tte 

Formula 11, concern.ng the pseudo consecutive record length £ LZs ^ZT^ by * ™^ bit rale ' 

9 n, N_ P ack .s the total number of packs included in the 
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video object that should be 



fed in N_ecc ECC blocks. 



<Formula 11> 



Vo = (pseudo consecutive record length (bits)) 1 



(1 /reproduction time of pseudo consecutive record (sec)) 



=(N_pack*2048*8)*(27M/(SCRJirst_next-SCR_first_current)) 



[0302] In the above formula, "SCR_first_current" is a time (in 1/(27mega) seconds) at which the track buffer of the 
reproduction apparatus should output the first pack of the video object, and 

[0303] SCR_first_next is a time (in 1/(27mega) seconds) at which the track buffer of the reproduction apparatus 
should output the first pack of the following video object. 

[0304] As shown in the above Formulas 10 and 11 , the minimum size of the pseudo consecutive record can theo- 
retically be calculated in accordance with the bit rate of AV data. 

[0305] Formula 10 cannot be applied to a case where any defective sectors exist on the optical disc. Such a case 
is explained below in terms of the value of "N_ecc" required to ensure the uninterrupted reproduction, the "N_ecc" 
representing the number of ECC blocks in the pseudo consecutive record. 

[0306] It is presumed here that the pseudo consecutive record includes ECC blocks with defective sectors the number 
of which is represented as "dN_ecc." No Av data is recorded into the dN_ecc defective ECC blocks due to the ECC 
block skipping which has been described earlier. The loss time Ts generated by skipping the dN_ecc defective ECC 
blocks is represented as "T4*dN ecc," where 'T4 H represents the ECC block skip time for the model shown in FIG .39. 
[0307] With the above description taken into account, to ensure the uninterrupted reproduction of the AV data even 
if defective sectors are included, the pseudo consecutive record need to include as many ECC blocks as represented 
by the following formula. 



[0308] As apparent from the above description, the size of the pseudo consecutive record is calculated from Formula 
10 when no defective sector is included, and from Formula 12 when any defective sectors are included. 
[0309] It should be noted here that when an AV data sequence is composed of a plurality of pseudo consecutive 
records, the first and last pseudo consecutive records need not satisfy the Formula 10 or 12. This is because the last 
pseudo consecutive record has no subsequent AV data, and that the uninterrupted reproduction between the first and 
second pseudo consecutive records is ensured by delaying the timing of the decode start, namely by starting supplying 
data to the decoder after the track buffer stores a certain amount of data. 

(3-2) Recording of AV files 

[0310] Recording of AV files in the DVD recorder 1 0 is described in detail. 

[0311] FIG.40 is a flowchart showing the recording process in the DVD recorder of the present embodiment. The 
flowchart is the same as FIG. 38 except that the step 380 is replaced with step 400 and the step 390 is deleted. 
[0312] The flowchart of FIG.40 is described concentrating on the differences. 

[0313] When the user presses the RECORD button or when the "current time" reaches the start time of "programmed 
recording," a notification of recording start is sent to the recording/editing/ reproducing/ control unit 105 via the user 
IF unit 106. 

[0314] On receiving the notification, the control unit 105 assigns an area having a size greater than the above- 
described minimum size as a pseudo consecutive record (step 400). More specifically, the control unit 105 calculates 
the actual bit rate of the video object using the Formulas 10 and 11 . However, here, a predetermined size satisfying 
the minimum size may be used instead for the sake of conveniences. The control unit 105 refers to the space bit map 
and each allocation descriptor of the file management area to detect unassigned areas on the optical disc, creates a 
free space list showing the detected areas, and assigns an area among the detected areas which is larger than the 
minimum size as a pseudo consecutive record. In doing so, an area including a zone boundary is treated as two 
unassigned areas, before and after the zone boundary. 



<Formula 12> 



N_ecc ^ dN_ecc + Vo*(Tj+Ts)/((1 6*8*2048)*(1 -Vo/Vr)) 
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object; and 

a recording unit operable to divide and record a video object onto two or more series of consecutive unassigned 
sectors detected by the detecting unit, and 

the predetermined size is the number of blocks which is represented as "N" in the following formula: 



N=Vo*Tj/((N_sec*8*S_size)*(1-VoA/r)), 

Where "Tj" represents a maximum jump time of an optical pickup of a reproduction apparatus, "Vr" represents 
an input transfer rate of a track buffer of the reproduction apparatus, and "Vo" represents an effective output transfer 
rate of the track buffer. 
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FIG. 2 
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FIG. 3A 
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FIG. 5 
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FIG. 8 
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FIG. 22 
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FIG. 24 
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